(12) INTERNATIONAL APR 



TION PUBLISHED UNDER THE PATENT © 



S^iPCT/PTO 12 OCT 2004 

o^Kai 



\TION TREATY (PCT) 



(19) World InteUectuaJ Property 
Organization 
International Bureau 

(43) Internationa] Publication Date 
23 October 2003 (23.10.2003) 




PCT 



i am muni n Dim urn inn inn mi i u m urn ikii mi) urn iikei iih diiid iih mi mi 

(10) Internationa] Publication Number 

WO 2003/088460 A3 



(51) International Patent Classification 7 : H02M 3/335 

(21) International Application Number: 

PCT/CH2003/000244 

(22) International Filing Date: 1 1 April 2003 (1 1 .04.2003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

60/372,132 



12 April 2002 (12.04.2002) US 



(71) Applicant (for all designated States except US): DELTA 
ENERGY SYSTEMS (SWITZERLAND) AG [CH/CH]; 
Freiburgstrasse 251, CH-3018 Bern Bumpliz (CH). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only)i JITARU, Ionel, D. 



[US/US]; 2378 North Sun Lake Place, Tucson, AZ 85711 
(US). 

(74) Agents: ROSHARDT, Werner, A. et al.; Keller & Partner 
Patentanwalte AG, Schmiedenplatz 5, Postfach, CH-3000 
Bern 7 (CH). 

(81) Designated State (national): US. 

(84) Designated States (regional): European patent (AT, BE, 
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, 
IE, IT, LU, MC, NL, PT, RO, SE, SI, SK, TR). 

Published: 

— with international search report 

(88) Date of publication of the international search report: 

26 February 2004 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: SOFT SWITCHING HIGH EFFICIENCY FLYBACK CONVERTER 



< 



00 
00 



Output 

to 




Primary 



o 



(57) Abstract: DC-DC converters such as flyback converters achieve self-regulation by communication information between pri- 
mary and secondary circuits through the power transformer. Operating in accordance with a generalized concept or algorithm, the 
converter can be bi-directional and self-regulating. Control of the turn OFF times of semiconductor switches in first and second 
circuits coupled to first and second windings of the power transformer determines whether power flow is in one direction through the 
converter or the other direction. Turn ON timing of each semiconductor switch is when there is a reverse current through the switch 
and voltage across the switch is at or near zero. Turn OFF of a switch can be controlled from one or more operating parameters 
of the converter such as output voltage, in which case the converter's self-regulation is affected through duty cycle variation with 
variations in output voltage. 
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Claim 1: Last part of the claim specifies: "...and enabling the turning 
ON of that semiconductor switch when a reverse current through the 
semiconductor switch is detected." The semiconductor is clearly OFF (in 
order to be able to turn it ON) when the reverse current in the switch 
is detected. When a switch is OFF it is not capable of conducting 
current and "...a reverse current through the semiconductor switch..." 
cannot be detected. This part of the claim does not make sense the way 
it is phrased. 

Turning to the description a possible alternative "interpretation" 
becomes possible: (page 8, lines 2-3) "...the secondary current 88 
starts to flow through the body diode 69 of a MOSFET M2."; a current 
that can be called "reverse" is starting to flow through a diode in 
parallel with the switch, for a MOSFET switch this diode may be the body 
diode (intrinsic). 

Hence, the "interpretation" used for the search is that the Switch is 
switched ON when a "reverse" current in a diode parallel to the 
switching element is detected. 

The specification "a self- regulating DC-DC converter" is not an 
unambigous term that is well established in the field. Hence, 
"self -regulating" is not considerd as a valid specification of a group 
of technical features and the word "self -regulating" is disregarded when 
evaluating the claims. 

In the discription (page 4-5) the applicant indicates that he considers 
"a self -regulating DC-DC converter" to be a DC-DC converter with a 
secondary regulation scheme as described in some of the embodyments. If 
the applicant considers any of the technical features relating to this 
secondary regulation scheme for important special technical features, 
these features must be included in the claims. 



Claim 43: The contents of claim 43 is not clearly supported by a 
particular part of the detailed description, does not contain any 
references to the figures and the effect caused by the. features claimed 
are not evident without support. As figure la is the only figure that 
discloses a voltage reference element and figure la seem to disclose 
other features being claimed in claim 43, it is assumed that claim 43 
relates to the characteristics of figure la. 

The applicant's attention is drawn to the fact that claims relating to 
inventions in respect of which no international search report has been 
established need not be the subject of an international preliminary 
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examination (Rule 66.1(e) PCT) . The applicant is advised that the EPO 
policy when acting as an International Preliminary Examining Authority is 
normally not to carry out a preliminary examination on matter which has 
not been searched. This is the case irrespective of whether or not the 
claims are amended following receipt of the search report or during any 
Chapter II procedure. If the application proceeds into the regional phase 
before the EPO, the applicant is reminded that a search may be carried 
out during examination before the EPO (see EPO Guideline C-VI, 8.5), 
should the problems which led to the Article 17(2) declaration be 
overcome . 
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This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. claims: 1-8 10-12 21 23 26-42 



A DC-DC converter, 

with a semiconductor switch being turned on at a time 
subsequent to detection of a reverse current through that 
switch, while current in that switch is still reverse 
current and when voltage across that switch has reached 
substantially zero volts. 



with a control winding wound on the power transformer. 
3. claims: 13-20 



A self- regulating DC-DC converter, 

with a control circuit that senses an over- voltage condition 
and transfers energy back to the primary winding circuit 
from the secondary winding circuit at a level depending on 
the level of over- vol tage. 



A method of DC-DC conversion, 

including sensing a voltage related to an output voltage 
with a secondary circuit, comparing that voltage with a 
reference voltage and turning on a secondary switch when the 
voltage bears a predetermined relationship to the reference 
voltage. 



2. claim: 9 22 24 25 



A DC- DC converter, 



4. claim: 
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